The cosmological simulations indicates that the dark matter haloes have specific self similar properties. However the halo similarity is affected by the baryonic feedback, the momentum injected by the supernovae re-shape the dark matter core and transform it to a flat density core, with a scale length imposed by the baryonic feedback. Additionally the baryon feedback impose also an equilibrium condition, which when coupled with the imposed baryonic scale length induce a new type of similarity. The new self similar solution implies that the acceleration generated by dark matter is scale free, which in turns implies that the baryonic acceleration at a reference radius is also scale free. Constant dark matter and baryonic accelerations at a reference radius have effectively been observed for a large class of different galaxies, which is in support of this approach. The new self similar properties implies that the total acceleration at larger distances is scale free, the transition between the dark matter and baryons dominated regime occurs at a constant acceleration, and the maximum of the velocity curve which defines the amplitude of the velocity curve at larger distances is proportional to M 1 4 . These results demonstrates that in this self similar model, cold dark matter is consistent with the basics of MOND phenomenology for the galaxies. In agreement with the observation the coincidence between the self similar model and MOND is expected to break at the scale of clusters of galaxies. Some numerical experiments shows that the behavior of the density near the origin is closely approximated by a Einasto profile.
INTRODUCTION.
The numerical simulations of structure formation in the cosmological context has been providing us with a large wealth of interesting information about the structure of cold dark matter (CDM) haloes. Among the results from the numerical simulations two results are remarkable, an universal dark matter profile (Navarro, Frenk & White, 1997 , Navarro etal 2010 , and the occurrence of a power law behavior for the pseudo phase space density, Taylor & Navarro (2001) , Ludlow etal (2010) . The agreement between the power law exponent and the prediction from the Bertschinger self similar solution (Bertschinger 1985) suggested that the CDM haloes had self similar properties. However the reason for the observed power law behavior of the pseudo phase space density, and the non power law behavior of other quantities was not understood. Alard (2013) demonstrated that dynamically cold self similar solutions in a quasi equilibrium situation have pseudo phase space density with power law behavior. This result derive from the fact that the smoothed probability distribution P (f ) of f remains self similar (Alard 2013) . A direct prediction is that the higher order moments constructed using P (f ) should also be power laws with predictable exponents. These predicted power laws are effectively consistent with the measurements obtained using data from numerical simulations (Alard 2013) . Other quantities like the smoothed density do not have a self similar expectation, and thus are not power laws near equilibrium. As a consequence the consistency between self similarity and the near equilibrium phase space density corresponding to the collapse of dynamically cold initial fluctuation is well established. When baryons and in particular the baryonic feedback is considered the former picture is changed.
The initially cuspy dark matter halo is flattened by the supernovae momentum injection and transformed to a flat core distribution with a typical scale length imposed by the baryonic feedback. Imposing a baryonic scale length to the dark matter halo indicates that the scaling relations are affected by the baryons in a way that may not be compatible with the initial similarity class and could result in the development new type of baryonic induced similarity. The idea of an universal similarity class for the rotation curve of galaxies was already introduced by Persic etal (1996) , Salucci & Persic, (1997 ), Salucci etal (2007 , Donato etal (2009) . As we shall see this new similarity class has also some relation to the MOND phenomenology and provide an explanation to the scale independent accelerations observed at a typical radius for a large number of galaxies (Gentile etal 2009) . Note that in the continuation we distinguish between 'scale independence' and 'self similarity'. In the forthcoming sections scale independence will mean independent of the distance scale (basically the size of the galaxy), while self similarity will mean independent on the scale of all the variables (distance, velocity, time, see Alard 2013 Section 3).
THE BARYONIC SCALING.
The feedback from the baryons has a strong influence on the shape of the central parts of the dark matter halo (Navarro et al. 1996 , Gnedin & Zhao 2002 , Read & Gilmore 2005 , RagoneFigueroa etal 2012 , Ogiya & Mori, 2012 . Supernovae and the winds from the massive stars tend to expel the gas and dust particles from the galactic potential well. This in turns affects the kinematics of the dark halo, with a dominant effect in the central area. This baryonic feedback leads to the suppression of the central density cusp and its replacement with a nearly constant density core. As a consequence the scale length of the dark matter halo r DM is imposed by the baryonic processes, and should be closely related to the baryonic distribution size r B . Actually the dark matter core size r DM is constructed by a process P which has a typical scale length r B , basically P = P r r B
. The width at half maximum r P of P reads, r P = P −1 P (0) 2 r B . We expect r DM = r P , thus r DM ∝ r B . Interestingly , Donato etal (2004) found that the baryonic and dark matter scale length are nearly proportional.
The strength of the baryonic influence on the dark matter kinematics must be compared to the gravitational force due to dark matter. If the baryonic force dominates we are in a pure flat core regime, while in the case where the dark matter force dominates we return to the NFW profile (Navarro, Frenk, & White, 1997) . The intermediate regime when the dark matter force F DM and baryonic force F B are of the same order defines the typical size of the baryonic core induced regime. The force is proportional to the acceleration thus the dark matter core size r DM corresponds to the following condition:
Assuming a Burkert profile for the dark matter (Burkert, 1995 ), Gentile etal (2009 is consistent with the strength of the baryonic influence. The radial distance scale of dark matter is imposed by the baryons, which in itself is not sufficient to impose another similarity class to the dark matter halo. However as we shall see an equilibrium condition for the gas also implies a constraint on the total force at the distance scale, which is only compatible with a specific similarity class.
2.1 Critical condition for optically thick gas.
We consider a galaxy composed of stellar populations and gas. We will assume that the gas is optically thick, and that as a consequence the equivalent starburst luminosity L B of the stellar population is entirely absorbed by the gas. The starburst luminosity includes the equivalent contribution to the transfer of momentum of the of supernovae, the young massive stars and the AGNs. The mass distribution M(r) is assumed to be spherically symmetric.
Murray, Quataert, & Todd (2005) proposed that such systems are prone to reach a critical
which in general is expected) the acceleration of the gas layer is positive and the system loses mass which in turns decrease the star-burst activity.
This mechanism operates until the star-burst luminosity reach the critical limit L M . The luminosity L M corresponds to an equilibrium between the momentum deposition of the radiation in the gas and the gravitational force applied to the gas.
Gas distributed in a ring.
Murray, Quataert, & Todd (2005) studied this equilibrium for a gas component distributed in a shell. In this case the the gas shell diameter is supposed to be close to the typical size of the galaxy r B , which is proportional to the dark matter core size r DM . Considering a total mass of gas M G the equation corresponding to the equilibrium condition reads:
The starburst luminosity is associated with young stars, and the kinematics of these stars is not much different from the kinematics of the gas, thus the mass loss affecting this population of stars will be proportional to the mass loss of the gas. Since we expect that the rate of new stars will be also proportional to the gas mass, the total number of stars in the starburst population will be proportional to the gas mass. An obvious consequence is that provided that the properties of this population are stable the equivalent luminosity and momentum injected by these stars will be proportional to the gas mass:
By combining Eqs (2) and (3) we obtain the following equation: GM r 2 B = Constant (4) 2.1.2 General gas distribution.
In the general case, assuming a density distribution ρ G of the gas, the equilibrium at r = r B condition reads:
Applying again Eq. 3 we obtain:
In case of a stable equilibrium, the total force must be null at the point of equilibrium but also its first derivative. If we assume that an equilibrium is effectively realized at a typical baryonic scale r B , we have:
2.1.3 Consequences of the baryonic critical condition for the self similar solution.
Eq. (7) implies that the mass scales like the square of the radius of the distribution which is not consistent with the Bertschinger self similarity class. The nature of the baryonic scaling implies that r B ∝ r DM , adopting r DM = λr B , using Eq. (7) and defining a scale . It was demonstrated by Alard (2013) that the power law is induced by a singularity developing at the center of the system. Note that since the scale length of the dark matter self similar solution is time dependent, the scale length of the baryonic distribution must be also time dependent. However we consider a near equilibrium situation where the temporal variation of the baryonic scale radius is small compared to the system typical time scale, thus the baryonic and dark matter scale length need only to be asymptotically identical. It is expected that the variation of the baryonic scale length is due to the slow accretion of new baryonic material.
Self similar solutions of the Vlasov-Poisson system.
Let first remind some of the results obtained in Alard (2013) on the self similar solutions of the Vlasov-Poisson system. Given a phase space density f (x, v, t) the general solution in six dimensional phase space reads:
Eq. (8) implies that the density ρ has the following time scaling:
Consequently the time scaling of the acceleration reads:
The self similar growth of the dark matter halo with the constraint from Eq. (8) implies that the acceleration at a given re-scaled coordinate remains constant (see Sec. 2.1.2). Considering the growth of an individual dark matter halo with typical scale r DM (t), Eq. (8) implies that the acceleration at r DM (t) is constant. Assuming a slow adiabatic process the time dependence of the re-scaling factor in Eq. (9) can be linearized. The same linearization can be applied to r DM (t) which implies that the two expressions become compatible, and that r DM (t) can be identified to the scaling factor t α 1 . Considering this identification, Eq.
(9) coupled with Eq. (7) implies that α 1 = 2, and α 2 = 1. Thus the new similarity class corresponds to α 2 = 1, this must be compared to the initial Bertschinger similarity class, where the similarity was imposed by the nature of the cosmological infall and corresponds to, α 2 = − 1 9
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The baryonic self similarity of dark matter. . For the final stage of the evolution of an individual halo a DM does not depend on time, which also implies that a DM does not depend on t 0 , and thus does not depend on x 0 or v 0 . These results illustrates the correspondence between time and scale independence. Equation (7) implies that the total acceleration at r B is scale free and since a DM is scale free at all positions, the baryonic acceleration at r B , a 0B = a B (r B ) is scale free or time independent. The baryonic acceleration at larger distances, out of the baryonic distribution is properly approximated with the acceleration due to a single massive point, thus,
Eq. (10) indicates that at larger distances a B is only a function of scale free variables and as a consequence is scale free. Since a DM is also scale free the total acceleration at larger distances (r > r B ) is scale free. The fact that the both the baryonic and dark matter accelerations are independent of scale is supported by the observations. found that at a specific scale length r 0 (r 0 ≃ 1.8r DM ), the baryonic and dark matter acceleration are constant. Milgrom (1983) , and Bekenstein & Milgrom (1984) , proposed to modify the Newtonian dynamics at low acceleration. For spherically symmetric systems the new equation reads:
CONNECTION TO MOND.
3.1 Scale free behavior of MOND.
Milgrom (1986) already noticed that a similarity relation existed in the MOND approach and that Eq. 11 can be written in a dimensionless form (see Milgrom 1986 , Eq. 5). At larger distances r > r B it is straightforward to re-write Eq 11 using Eq. 10:
The constant a 0B is independent of scale thus the acceleration in Eq. 12 is only of a function of scale free variables. In the self similar model the dark matter acceleration is scale free, the baryonic acceleration (Eq. 10) is scale free at larger distances, thus the total acceleration is scale free at larger distances (r > r B ), which is consistent with Eq. (12).
Rotation curves in MOND and the self similar model.
A general feature of the MOND phenomenology is that at larger distances (r ≫ r B , and a ≪ a 0 ), the Newtonian force field is a point mass field which implies that the relation between the velocity at large distances, v M and the baryon mass M B is:
The velocity at r ≫ r B in the self similar model corresponds to the maximum of the velocity curve v M , which for a typical dominant dark matter profile, occurs at larger distances (see Fig. 1 for an illustration corresponding to a Burkert profile). We define the position the position of the maximum of the self similar velocity curve r M , with, r M = ηr DM , then
= a M , is scale free, and we obtain:
An identification between Eq. 13 and Eq. 14 indicates that a 0 = a B (r DM )
2 . We will adopt a B (r DM ) ≃ a DM (r DM ) ≃ 2 10 −9 cm s −2 (see Sec. 2). Note that
is scale free and thus a constant, since the acceleration is scale free at larger distances. Assuming that an estimation of the constants can be obtained by modeling the mass distribution with a Burkert profile,
and η ≃ 6, we obtain, a 0 ≃ 1.8 10 −8 cm s (1991) showed that a sample of high quality rotation curves of galaxies could be fitted using µ = (a ≫ a 0 ) the dynamic is Newtonian and since in galaxies this regime also occurs at shorter distances from the center (r ≪ r DM ) the baryons dominates and will thus satisfies the Newtonian limit of MOND (Eq. 11). As a consequence the asymptotic limits in the MOND and self similar approach are the same, the difference is only a matter of interpolation between the low acceleration and Newtonian limits. In MOND the interpolation function itself is not defined in the theory and is free to vary within some limited constraints. However there is a significant difference between the self similar model and MOND, the equilibrium equation (7) applies to a galaxy, but cannot be applied to larger objects like clusters of galaxies. As a consequence this self similar model and its associated phenomenology should not be present in cluster of galaxies, which is a clear difference with MOND. This break of the phenomenology is in good agreement with the observations as illustrated with the case of the Bullet cluster (Clowe etal 2006, and Clowe etal 2004) .
DENSITY AND PSEUDO-PHASE SPACE DENSITY OF DARK MATTER HALOS.
It was demonstrated in Alard (2013) that the pseudo-phase space density of self-similar solutions of the Vlasov-Poisson system has a power law behavior. When this result is coupled with the Jeans equation an equation for the density can be obtained (see Dehnen etal 2005 for a discussion in the case of the Bertschinger similarity class). We will assume a spherically symmetric system, thus the spatial coordinates will be reduced to the radial distance modulus r. The Jeans equation reads:
The pseudo-phase space density ρ σ 3 is a power law with predictable exponent for the self similar solutions of the Vlasov-Poisson system (Alard 2013 ). The exponent is a function of . It is useful to define the density and anisotropy parameter as a function of the re-scaled variable, u = r r 0 :
The Jeans equation in these variables reads:
By a applying a derivative to Eq. 18 an equation for the density ρ is obtained.
With the following definition for the parameter q 0 :
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Assuming that the halo is virialized at radius r 0 , we obtain an estimation of the parameter
With:
The former equation reads:
Equation 20 provides a direct estimation of q 0 .
General solution and asymptotic properties.
There are two types of asymptotic regimes to consider, a power law or a constant core.
Power law asymptotic behavior.
The power law solution for a similar equation was already discussed extensively by Dehnen & McLaughlin (2005) . The asymptotic behavior at origin is related to the dominant behavior of the left term in Eq. 16, which implies an asymptotic solution of the type ρσ 2 ≡ constant. As a consequence, with ρ ∝ r α and ρ σ 3 ∝ r γ the corresponding asymptotic behavior is α = which corresponds to the results obtained by Dehnen & McLaughlin (2005) . For the solution discussed in this paper
, and α = −1. Note that α = −1 is the limit for the dominance of the left term in Eq. 16, and that as a consequence we have a full solution of the equation, not just for the dominant term.
Constant core asymptotic behavior.
The observations favor models with constant density core, like cored iso-thermal models (Spano etal 2008) or the Burkert profile (Burkert 2005) . In such case the general solution of
Eq's 18 and 19 writes:
It is interesting to write explicitly the first terms of the solution series expansion:
A general property of the solutions presented in Eq. 22 is that the zeroth order term in the expansion of β is constant. Another point is that in general the next terms in the expansion are of low order in u, unless these terms are equal to zero, the asymptotic behavior of β at origin will not correspond to a local minimum of the function. An approximate estimation of the functional β is obtained by assuming a simple empirical model known for its good consistency with the observations, like the cored isothermal model:
Or the Burkert profile:
The functional β is directly estimated by introducing these models of the density in Eq. at the origin and cross the zero line near u = 1, at larger distances increase slowly and converge to radial orbits at infinity, which is consistent with the cosmological infall. Although these profiles allows us to reproduce the general features of β, a generic problem is that in both case the minimum of β is not situated at origin. Another way to consider the problem would be to assume a generic behavior for β and estimate ρ.
The fixed properties of β are the value at the origin and the crossing of the zero line at u = 1. If we add that the minima of β must be located at the origin, it is straightforward to infer a parabolic model for β.
By introducing Eq. (23) in Eq. (19) we obtain an equation for ρ. The solution of this differential equation is obtained numerically using a Runge Kutta method. Finding the solution requires a value of q 0 , but since q 0 is unknown at the initial step, a first guess is assumed for q 0 , a solution is found and q 0 is estimated. This process is iterated until the guess for q 0 and the value estimated from the numerical solution are the same. We start from The baryonic self similarity of dark matter. 13 
Note that the nature of the expansion in Eq. (21) implies that if the solution is consistent with an Einasto profile, then we have necessarily n = 3.
SYNTHESIS AND CONCLUSION.
The main concept presented in this article is that the initial dark matter self similarity is affected by the baryon feedback and replaced with a baryonic induced self similarity. It was demonstrated in Sec. (2.1) that the baryonic feedback impose two conditions on the dark matter distribution. These baryonic constraints are not compatible with the initial similarity class. Provided that the solution remains self similar, the conditions from Sec. (2.1) imply the emergence of a new similarity class for the dark matter halo. One important property of this new self similar solution is that the acceleration generated by the dark matter halo is scale free. When combined with the properties of the baryonic feedback, the scale free acceleration of the dark matter implies that the baryon acceleration at one scale radius r DM is independent on r DM . This self similar model put a number of observational facts on galaxies in a coherent framework. First, the universality of the baryon and dark matter accelerations observed at a scale radius of the dark matter distribution for a large number of galaxies (Gentile etal 2009) , and second this self similar model is related to the MOND phenomenology of galaxies (Milgrom 1983, and Bekenstein & Milgrom 1984 ). An additional point is that the density corresponding to this self similar model is expected to form a flat cored distribution in the central region, and a large variety of profiles has been proposed to fit the observations, cored isothermal, Burkert, or Einasto profiles. Among these possibilities, the Einasto profile has the best compatibility near the origin with the expectation from the self similar, baryonic induced model. In these results it is of particular interest to point out that the in self similar model CDM is consistent with the basics of MOND phenomenology for galaxies. The general features observed in the rotation curves of galaxies are properly described in the MOND framework, but we see that it can be as well represented by dark matter self similar solution. A major difference between the MOND approach and the self similar CDM model is that the self similar model does not apply to clusters of galaxies, since the equilibrium condition (Eq. 7) does not apply to a cluster. The discrepancies between the
